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J&jk ij\ IaUxa <-_ijxiA isotonic solution dl aja> jblb jc. dll jl 

jfLoA l$ja a ^ ^ -« (_jl (jLuac. Igjj j l^ajlc. ^JLu ^»jV ^^lll <_5 Aa^aII dil^L^JI jA a^. 1^. bj 

t—Sjjklj ^Jlau .. dljl 


Isotonic solution 


* Osmosis: 

• It is a phenomena in which a solvent passes through semipermeable membrane 
from a dilute solution into a more concentrated one with the result that the 
concentration tend to become equalized. 

• Osmosis refers to the flow of solvent only. 


Water Flow 


Equal Concentration 


Ajj^aLa-ll 


j' semipermeable membrane t> j=»' jl^d jl1 a jA JjLdl a£ ^ 

Jl tjAA j£l solvent dl Uiaj J£] <LbUj aJ jjfJj ^jaa ^^111J 4_aja e-UiC. 

.. j' Solute 

jj£jj J jbkA A^.1 jj “Wjn diAai (jl Aj^l-sll jV cJJla ? Solvent dl jl i_ iOa\\ 4_J i_Ja 

!>l!La ^^ILa 100 C 5 ^ jd^-aJ 10 ‘blAall dlliljiJl cjt^a ^ jl C 5 ^*^ LSjbJ-° ^jLa 4 j 3 Cllli} j^Jl 

j^jdlj jlJ jVI ^ djAi. l_iA C5 bj ^^ILa 100 j^fldoj 70 Clllil jsJl jlLaj 

J^i? jtdic. b semi permeable membrane dl jA l_iAJI ^ jl Ua l U^u ^la < JjI^aII 

b Jljdl jiil >. qj^Vi (Jajij jUic. l_iIaa 1I jj£ ji ^ (^gJc-VI 4 s3Via\\ i_jIaa]| jj£ jill jay I 4'q3ViA\l j>A 

solvent dl 4 ja£ AaIj AHaid JJa La jjSjij solvent 1 ^a ^^1 Aalaidl jA jaii^ ^i.1 ^^Aiaj jl 

JHaj t l_iIaa 1I jj£jjj -dJa 

Ij£ tiLal^a ^^1 ojjj.^\I (j-aj 

SaJj jJIkid JjL^aII J^ali semi permeable membrane o^' ^ ^a 

JO t^ja t_ijb jjAjJI ^_gdl 4ati*<^\lj diUjja. 0 t^js s-yb JUjbl ^_glc- ^dl ^ cJyh “Cyldlj 

?? b Ja i_aL _ f.Ldl jl Solvent dl jA biA^ll ^aajc. j^VI j j 
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<^11 aLIS solute j ssolvent ^1 JjISII jj£Jill ^ J&b ^i-dl j' <^111 ^jL ^jL 

^•^. \ -^\| ^ ^ \ >\a solvent ^ ^ ^ ^^lil ^ *q l*** ^ .^\ \ ^ t *^\ ) 

JajJall {^h (jiaxj (_£ j ^jiiliLiA LiA j LiA Jj\^<a\l jj£jj dbui3 jl (jl t—USkJ LiA j LiA jj£j!ill ^ cJ^l*J (J-a*jLa 
^ ^jJajxll ..l^il^a (j-a ^ji&^ijLa CllLil^aJI (jV Jjibl cj^-a jALo <_£ j LiA j LiA CllLby^Jl J^C- ^l^LiA dlS jll ^jj^ia j 
jaLo fj j solute dl bail Solvent dl 'j&j*. laia sj ^'i'q ^ ^aj A^j^yi b Jx^. ^1 

♦ Diffusion: 

• It is the movement of solute from high cone to lower cone. 


OSMOSIS 


DIFFUSION 


High Low 

Concentration Concentration 


••A 


• ••? 




B\ 


Semi permeable Membrane 


High Low 

Concentration Concentration 


o»J 




o 

o o 


.. jbiiiVI jl Diffusion dl ja j C5 ^i 

i> cs Ah ja solute -5' j' ^'bdl dillajaJI diffusion dl ^ Ua .. sjj^»ll ^ qa j 

j LiA ciiLljj^JI Iajj ^Lic. AjIaaII diLljjiJI ^LL jj£jHll ^ (JaVI oL^lDl] jj^jUll ^ C5 lc-VI oL^jVI 

Semipermeable ^ jl jV semipermeable membrane ^ ls Laa Jl* Uajj .. J=Jilb Ua 
.. lw solvent dl cs-^ <j' Uil J$£Lk ^ ^^ciA ^ particles dl membrane 
4ijlla L ^U-dl sUxjVI ja 4 ^^Lx-dl abciVI opposite direction ^4^bLiA ^ 

oUjVI t>a diffusion dl bail ^^Vl oL^DU JaVI eb^VI t>a ^jjlall a£ diil£ aj jj^joiVI jV osmosis db 

JSSU^VI 

* Semipermeable membrane: 

• It is a membrane which permits osmosis to occur (allow passage of free 
solvent like water) but not permit passage of dissolved substances like sugar. 

V t— iIAaII (jSl AjLall l_ijAa]| ^-ajanjj 4jjjxuoiVI CLij^-J ^-ajoUJ b ^iLall Ajxi g.1 j.La.11 ^jl Lila 

* Osmotic pressure: 

• It is the excess pressure which must be applied to a solution to prevent the 
passage of solvent into it when both are separated by semi permeable 
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membrane. 

• It is the pressure that responsible for the phenomena of osmosis. 

• The osmotic pressure depends on the number of particles of solute not the 
type of particles. 

semipermeable dl ^ <^.1 jd Jda i> JjUUI ajLc. ^ aa jj^V I jl Uia lid Jl* 
c_Uua ? ij+j* semipermeable membrane dlj ajU* 1I <-aajl JyU- LI jl l_iL ? membrane 
semi permeable dl j* JjLdl jjj-o ^-diA ^l bj ij I b > >»l lj J jlad l 

membrane 

^ Ig-C-(jjia L_iIAa]| ^Lj dll j j^-11 AAc. ^glc. Ada n b (_£ j) j-ojuiV I Jdtddl 


?? b solute dl g-1 jjl ^ * solute JjL jUL*c. Ld 

Non electrolyte jElectrolyte .. oF-y ^ ^ 


Electrolyte 

Non electrolytes 

S Solution will contain ions, and the 
osmotic pressure of the solution will 
vary not only with the concentration 
but also with the degree of dissociation 
of the solute. 

S Substance which dissociates to give 
large number of ions in solution will 
have relatively greater osmotic 
pressure than the un-dissociated 
particles. 

\ dissociation —► \ osmotic pressure 

S The solution will contain only 
molecules, and the osmotic pressure 
will vary only with concentration of 
the solute. 


- Molecule dlj Ion dl j^ Jjall «-ijlc. 
jjb jjAj jaU <_$ j j j?JI b Molecule dl Usl.. Molecule dl jl ^ jdl jjb t> ^UL b Ion dl 
Jaadall Laj Electrolyte 4-ad b Ls ln ions cs-^'j ‘dbfjlj J jl^d' Vu^ dldl jla • 


AojoUJ jjLilL (Ja C5 JC.ld SaLLI 4c-Id jjbll 4^.jA Ls \c. jLo£j b l_iIAa 1I j j£jj t5 lc. Ad*_iA <_gjj^joiVI 

osmotic pressure -II j jjbll jjj ^^blbj ? ^l£ VIj %70 4-dL Vlj %100 

(_£ jj^uiVI Jaidall Ajjjj d£jjlt jl jjljll Ajjj Lai (j£ (jl 

Ua ^blbj non electrolyte b Ia£ jaLo <_$ j ijj^ dildaa j jjbL (jd (^jc-Ll SaLLI jl Id • 

AddjA (jLd diSSOCiation V J ^KVi (jbLa Ua jV <-_lbdl jj£jj ^yic. iaSa .W'ijA (J jjAJoiVI JduJall 

■die. 

Non electrolytes dl £-Ll ^jjAuiVI Jaaddl j* ^^ld dnl jjj^IVI ^Ll <_$ jj^VI f»»dd l ^Jlaa ^blUj 

♦ Iso-osmotic solution: 

• If two solutions are separated by a perfect semi permeable membrane, i.e. a 
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membrane which is permeable only to solvent molecules and no net movement 
of solvent occurs across the membrane, then the solutions are said to be iso- 
osmotic and will have equal osmotic pressures. 

• Biological membranes do not always function as perfect semipermeable 
membranes and some solute molecules as well as water are able to pass 
through them. 

• If two iso-osmotic solutions remain in osmotic equilibrium when separated by a 
biological membrane they may be described as being isotonic with respect to 
that particular membrane. 

• Many solutions intended to be mixed with body fluids are designed to have 
the same osmotic pressure for greater comfort, efficacy, and safety. 

Jy semipermeable membrane -i uAJjb jl 

iso-osmotic Jj^ Jjh b diajlla i -d l fj I JaLJall (jjjjLuiLa 

.. ^ (JJJjLulLo ^ J 

cell dl j biological membrane ^1j ^ j] 

isotonic j' l*ic.Luu <. jb^yi dLdl £-Uj ^ membrane 

biological membrane dl ^ jb^VI 1jl behavior db ^U. isotonic 

perfect semipermeable <dc jbh biological membrane dl jl jb£ 

solutes lW solvent lS^ dl <_>=j>dl j dlbk t> solutes ls^ ^y j' membrane 
osmotic pressure dl <A Jjk^ll C5 ikj jbk. body fluids dl (^*1? Jdb^U <■ bbd 

j Jtc. jbijj S<iU£ ^m-dl 

- isotonic solution dl diayi <_$! c_Ja 

Examples of isotonic solution 

0.9% sodium chloride solution has an osmotic pressure identical to that of body 
fluids and it is isotonic i.e. does not produce change in cellular constituents in 
physiological system. 

t_ijb db> 100 lS^ 0.9% jb ^d-dl ^ <-iib Jil NaCL dl ja isotonic Jj _>&' 
c^dlbj jb^yi jujia. osmotic pressure dl <A jjlu bj ^_>*■ 0.9 

^ normal saline dl jl Jja b 0.9% sodium chloride dl 

?? isotonic iso-osmotic Jjky» <j?l 

-dial 4_aJjlj ? (_$l jl i—lia _ y dl^.yi 
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Examples of iso-osmotic non-isotonic solution 

1. Boric acid solution that is iso-osmotic with blood is not isotonic 
because it produces hemolysis of red blood cells due to ability of boric 
acid to cross the red blood cell membranes. Inconstant, the mucus lining 
of the eye act as true semi permeable membrane to boric acid in solution. 
Accordingly, a 2% boric acid solution serves as an isotonic ophthalmic 
preparation. 

2. 1.8% solution of urea has the same osmotic pressure as 0.9% sodium 
chloride solution but the urea solution produces hemolysis. 

osmotic 21 ^ JafklU diUjfLa j jjfLj <ul iso tonic 42c- JjSI Jji^2l jl -Ljd <j! t2a U^.1 

.. j* * uA 1 ^ jV L5 j*j .. diUJ£LLa ij\ c -njauj (JLaj pressure 
JjjaLA isotonic solution 42c. Jj£i lA j2la ? <—ijdjALa (j j jd2VI qa Ja jd didia jl l_lL 

.. ls* 4liaVI ij j iji It iso osmotic 
2*dd2l jjj j-%? 42 <»2I dilj£] JLd j\ hemolysis boric acid 21 Ua . 1 

Red blood 21 <j j ^?JI £* 4ldia AAj <ul isotonic A4) 42 L jd 12a LaJ j L^dii ^ jj^iVI 

‘ isotonic lA° AAj A-Aij 4-d? u'J 3 ' 42 j-As j lA° Ua ja cells 

boric 21 jdLi biological membrane u}*ll qS»1\ ^ 

JUIIjj jjjJi diUjla ^ jl jil -ciaj aaI semi permeable membrane -2 ^ acid 

(jda l^£ JJC qjlI (jjaJl dlljjJa^JjoLa ^ ^Akim-1 4-il Jajdu (jjadl dll_ij£-a £-a isOtOmC 4j| *2 j3l ^21 liA 

isotonic 

c 5 -Aj 0.9% NaCL 21 £-Uj osmotic pressure 21 <j2j <A 1.8% solution of urea 21 .2 
hemolysis 4j| A 0.9% NaCL 21i> c 2id , ja V <2113 ^ isotonic cs% 

.. iso tonic lA° iso osmotic j* ^21 ^12 IpUJl 


• Some solutions are iso-osmotic but not isotonic. This is because the physiology 
of cell membrane must be considered. 

• Isotonic solutions are iso-osmotic; the reverse is not true. 

• The product is not called isotonic until it is tested by biologic membranes 

.. oA 0 * 22 ' <j^ iso-osmotic jg* isotonic JJ2 S 
(_sjdlj jUdVI <jj^.I 12 VI Iso osmotic A A^ iso tonic 42 42c Jjal AjdLa Ij2l ■/ 

(J^Lda l. - jJjoLU I g l£]j ^joiaJl ^a iso-osmotic u21 ^ 2 AAl ^jAal 4_l3 (jl Uid Ll^.1 (jV <• 4 a.J.dVI ^a ^1 A£jiuj 
isotonic dkLl JjL-aJl ^Lic. cS^LLa I^\ C-l.uajj ^jLa 4j| J^UIJ ^.JJ->II (»jV 
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AjjojJJJ 3 2 (J21 ~~k<a!l JaijJall L- Un*\ ^^Ic. 


Isotonic solution 

This is solution which has the same osmotic pressure 
as specific body fluids 

Hypotonic 

solution 

It is the solution which has a lower osmotic pressure than that 
of the body fluids. 

Hypertonic 

solution 

It is the solution which has a higher osmotic pressure than that 
of the body fluids. 


3 C 5 '^ c ' '^21 

biological 21 £* 321 * <j\ 444 s lA°j f^=2' l$ j osmotic pressure 21 c-A ^2 uj^j ^ LI .1 

Isotonic solution bj ^2' system 
hypotonic 42c- Jj4 '^j ^2' t> <31 osmotic pressure ,jjSLj <ul 12 2 
hypertonic ^A <Jj 4 2j ^ 4 ^' i> 3°' osmotic pressure ^2 uj% LI .3 

c^L A 3 ^ hyper 23 A 3 ^ hypo ^LK 
? tonicity 21 <_A3a jl <^21 jlI <3 j jAI tonicity 21 j2fc <_s' 42 => 


Effect of the solution tonicity on blood cells 


1. Isotonic solution —> If small quantity of blood is mixed with solution containing 
0.9% of NaCL per 100 ml, the cells retain their normal size, because the solution 
has essentially the same salt concentration and hence the same osmotic pressure. 

2. Hypertonic solution —» if the red blood cells are suspended in a hypertonic 
solution (2% NaCL), water will pass out of the cells through the cell membrane 
in an attempt to dilute the surrounding salt solution until the salt concentration 
on both side are identical. This out passage of water causes the cell to shrink and 
become wrinkled or crenated. This phenomenon is called "Plasmolysis" which 
is reversible process. 

3. Hypotonic solution —> If the red blood cells are introduced in hypotonic 
solution (0.2% NaCL) or distilled water, water enters the blood cells, causing 
them to swell and finally burst with liberation of hemoglobin. This phenomena 
is called hemolysis which is an irreversible process (dangerous) 

2^><Al ^a2l (J321 Qa (JjLa (jia. <—ajtti'lA Ua LA 
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Isotonic 



Amount of water transported 
into the cell equal to 
the amount of water 
transported out from 
the cell 



Solute concentration 
inside the cell is Equal 
to the solution 
outside the cell 


.. tonicity -S' ^ ^ Jjl^all b 

^■ill blilk (j* A-pt-LiLa A^la. (J£ C5 £jIj bA 
AA.jl_k ^^lll Ajball aLo£ .iS Ajlkll Alkl J Ajball 

Ajlkll I ja. Ja AjLkll I jj SOlllte -S' Aj-a£j Ig-La 
Joi-dall t_j (jl jjl Aj 3 (jl (J jLi (_£j AlbsJI ^ J 
Abb Ajba t5 lc. Ajba C *\\y iiljl£ (_£jj-ajoiV' 

?? AlkuLa (_£I (Ja 4 Jojlklb IgJ j 

AlkuLa (_^l (jbta-aj (^gAba (_£ j Allid blilkll t_fljUaj bA 



Hypotonic 


Water is transported 
into the cell 

- 

Solute concentration 
inside the cell is HIGHER 



Hypertonic 

The cells shrink 


b!>UJI qa tonicity -1' <-£' uj^y C 5 ^' cSjSj^I b 

Aj3 l_ij.1a1I jj£jjj r'^yaaJl ^.ill Clil^j ^jaiaJl A£.Ljj 

RBCs -S' t> JS' 
Solvent -S'j blbkll Ija. Solute -S' bA 

b>» tJo\la Aial^. bl ^^111 fluid -Sb AjjlLa Jal 
AjI^II I(JjI^uiIIj ob-all (Jk.il bnA (_g^jj).aj»tiVI 

b Ajlkll 'ja. ^1 solute -S' JJ t>° JSb jbic. 
j j Rapture Ig S^^A b!>lkll jl Aic. ^ciiaa j 
^tLaiL JLaj irreversible j, 

1 g -ajoiI (_£l AjLasdlj ^ba-Vnj (jka ^111 jV ^b 

Hemolysis 

t> tonicity -S' ^ C5^' uj£y t^Sl' JjA^S' b 

jj£jj J C-IJ-a^JI ^alll dllJ ^ajaiaJl Ac-bj blilkll 

RBCs -S' Cy* ltS^*' t_jj.iall 
Solvent -S 'j ^Syla bpLkll Ija* Solute -S' bA 
ti» jJallj Aiabk bl <^111 fluid -Sb Ai^LLa ^)J^I 
A ilk II I (_j-a (JjI^jjoiIIj el_Lall ^^k_j IAjjA (_£ j^ajaiVI 

'j^ cs-B' solute -S' jj -bsjj ub^- ^ySkJ' I jjI 

<^111 (^gJbdl jj£ jill (Jib (jbic- (Jjbdl b Ajlkll 

j' shrinkage S gS > ^jA bUkll jl a^c. ^byAj Ijj 

(_5J AjLoxIIj Ajlkll (j-a j." '> jk Auball (jl t_ i±uli (jjba£j| 

u^j^l cs- 3 ' cP' ti^jSa (> reversible uj^y 
c k^jA s jaa£ Ajba axo£ A^a hypotonic JjS^-a 

^da^jll 'a±jj AjLsJI I(Jkb bnA Ajballj (_J^ X S' 


ls- 2 ^*JI j Shrinkage -S' c^Lj 

Plasmolysis U-^ 1 ' 

• The effects of administration of hypotonic solutions are more severe than hypertonic 
solutions since ruptured cells can never be repaired. 

• The eye can tolerate a range of tonicities as low as 0.6% and as high as 1.8% NaCL 
solution. 
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^ JdLa-dl (jaakjj (j\j\ <3a^laj 


Isotonicity and different routes of administration 


1. Subcutaneous injection: 

S It is not necessarily to be isotonic due to small volume injected. However, 
isotonicity reduces pain. 

2. Intramuscular injection: 

S It should be isotonic or slightly hypertonic to increase penetration. 

3. Intravenous injection: 

S Should be isotonic "Large volume" 

S Hypotonic cause hemolysis 

•S Hypertonic solution may be administered slowly into a vein 
S Hypertonic large volume administered through cannula into large vessels 

4. Intrathecal injection: 

•S Should be isotonic 

5. Eve drops and eve lotions: 

•S Rapidly diluted by tear, but most of it is isotonic to decrease irritation. 

6. Nasal drops: 

S It should be isotonic but not essentially. 

^Lla jjSlj 331 3 l 3 ' {ikii ^1 jV isotonic subcutaneous 3»JI 0*31 . 1 

Allis 1 *<3 jV o-3l3 o^LaS ^glLa J (Jil Ac.^31 13 (_ji3 L$y 

u^j^ 3 hyper tonic u^j isotonic ^ 5 % <0^ Intramuscular u* 3 ^ .2 

^»31 Jjil aac. j!>U Ail j! 3j ajc-Ijj AjjUillj penetration 21 jj jj ^Lic. 13 
13 J333I (j j o*3l s^U^VI aIU. isotonic u_& <» JV intravenous .3 

Jjl=^ jb^VI Aji (jiu ^21 _>3 jj hemolysis cL*^ hypotonic 31 jV 

(ji csjl 3.1 jj ^ jV 3331 ^ jj^aUaJIj djJ jj3VI a^jou hyper tonic 

jj 3 ^jV <^3 b hypertonic 31 £-13 <jjl jj 3 ^*31 j3 jlj < 33421 j jlajl3c. ajjjJI 
cs j ^33' ^4? ojj32 jjVI Central ^44 131 c.j VJ!>U. ^ oj4j j^3 ajjj 

'^11 Ajj^]| j i _a^j^yi 

iJ 313* JlLvla* jb5c. isotonic uj 4 f jV intrathecal >311 J±3U J=^3I <JjL 3I ^ j*3l .4 

^^1^judll (J^Jlj C^l A ’ill 

dilution ^Wl 4-iV hyper tonic 31 <_43 ^ o j21l 43 j^l jl ^ isotonic .5 

(j-}3l ^ iljaUJ A3 ]j ^J^3I Alajail^jJ 

jliia.yi ^ local 43^ IjS 4jV isotonic ^jV ‘-3^' <^21 J2U^3I .6 

^a3l (_4a jAA ^*ij {^yiAj b 
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? hyper VIj iso Vlj hypo L JjL^I jl JjSI j^l Tonicity dl tj\ J' s-da 


Methods of adjusting solution tonicity 


• For comfort during administration, many dosage forms must be "isotonic" 
with body fluids. This is especially true of parenterals, ophthalmics and nasal 
solutions. 

• Pain and irritation at the site of administration may occur if the formulation is 
either hypertonic or hypotonic. 

• Pharmacists sometimes must adjust tonicity of parenteral preparations to 
ensure they are near isotonic J** 

• One of several method may be used to calculate the quantity of tonicity 
modifier i.e. sodium chloride, dextrose and other substances that may be 
added to solution of drug to render them isotonic. 

hyper dl jV isotonic L J jL^d l jjfb ^ jV ja j ^Jb a^J jj j*-k <_>=>jj-dl jdk- 

<dlj irritation hypo dlj 
tonicity dl facial ^Lk. lgqu>il j jidl ^1 ^1 j^ll jl Ij^ll tonicity dl 1 $aj t_ aLjL ^ jj£I A^a 

JjLa^]| ^Ikl jLk. IfriAJaj aajIj cjU.U.j jj£jkJI u: bj dextrose dlj NaCL dl <_$ j -Mj-dlj 
eye dl ^ isotonic u*bV Ophthalmic dl aIU. ^ Boric acid dl <_$ j isotonic 

((2jl '^‘b l) IjAkLa j 

Q. Boric acid can be used to render.preparation isotonic: 

1. Intravenous 

2. Nasal drops 

3. Intrathecal 

4. Ophthalmic 

Class I: 

Adding substance to lower freezing point of solution to - 0.52°C 

1. Freezing point depression (FPD) "cryoscopic method". 

2. NaCL equivalent method. 

Class II: 

Adding H 2 O, then isotonic buffer solution to brought the solution to the final 
volume 

1. White -Vincent method 

2. Sprowls method 
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4_ki.l jic. ^ Ij2l aJc, ( . Iisotonic solution 21 21 2 a 

U^kUA (jL» Class II j^l J >^ 2 Class I - 2 » 2 a 


1. Freezing point depression method 


• Since osmotic pressure is not a readily measurable quantity, it is usual to make 
use of the relationship between the colligative properties and to calculate the 
osmotic pressure from a more easily measured property such as the freezing 
point depression. 

• It has been shown that a solution which is isotonic with blood and lachrymal 
secretion has a freezing point depression, ATf, of 0.52°C . Therefore to adjust 
the freezing point of the drug solution to this value (0.52°C) to give an isotonic 
solution. 

• Freezing point depressions (ATf) of 1% solution for a series of drugs 
compounds are given in reference texts (e.g. Remington and Merk index) and it 
is a simple matter to calculate the concentration required for isotonicity from 
these values. 

Freezing point -II ajUII Jal <^-^3 Ljia -0.52 sjl ^21 

^j-s -0.52 j (zero) L 121 tjj2' j* ^ 0.52 lSjLA depression 

^aSI jLa^J 

Freezing point depression 2 ^jV Jin isotonic uj& *2 21 j JL* 

body fluids 21 j ^21 <_$ j 0.52 4 ^ 2 j 
F reezing point 21 I j \% e JJ (J jL-a l^ia I jlaC. j l^aAkJLA J2La-al( jjla. eLaidl 

cW2 21 jSl Remington j Merk index j f<p^ 2 j £?>'>2' 2 > j depression 

! 5 % ojjlc- C 5 "^ cJ(_pa^)3l \% (Jjb<i ^aAklLuA Laj 2 <jjLa (jLic. dlULui^. 

(Jlla (_£ ^klaj 

For example 

1% NaCL solution has a freezing point depression of 0.576°C. Isotonic saline 
solution of NaCL can be obtained by calculating the percentage concentration of 
sodium chloride required to produce freezing point depression of 0.52 °C (fpd of 
blood and tears) by simple proportion as: 

l%-> 0.576 °C 
X % -f 0.52 °C 
= = 09 iy o W /v 

0.576 ' 
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freezing point 21 <_sjU^4? lA* o ^ 0.576 4k Uj Aakill 1% ejk jj Ul*>i <^21 JjL^2l Ua 
Freezing point 21 is* <^21 0.52 21 a^I JIIUa <^21 NaCL 21 a^a i_ij2u jjUi <, depression 
0.52 cAjl£ fpd 21 oAk <^21 taj 0.9% is*x* £2=yA (^211 jkj2lj ^>£>121 AiUjIa ^ Aki^i depression 

Isotonic cs2la <^21 j^j2l b ja ^ 

A- for non-electrolyte; 

• When one gram molecular weight of any non-electrolyte (substance with 
negligible dissociation) dissolved in 1000 gram water the freezing point of 
solution will be 1.86 °C below the freezing point of pure water 


• By simple proportion, therefore, we can calculate the weight of non-electrolyte 
that can be dissolved in 1000 gram water to give a solution isotonic with body 
fluids (fpd 0.52°C). 

^2 j2 1 ^ non electrolyte i> molecular weight lSjU^ ujj Mj-a UJ 

jL^A) 1.86 2 freezing point depression 21 
b l molecular weight 21 u' 2kl j l M.wt 21 jV ^ 1.86 'j-aj 42 s2a 

one molecular weight ‘-Ukal UJ J2k2l JS ^122 j caIA j2l jj.iU.jal aA Jj2Ij 4 Jj2l 

ajLo j2 ^ 


non Fpd 21 ^Ulbj jjjU jal jkj a2 j ajLo j 2 ^ jj.iUjsl cas.Jo IaI C5 Lu 

1.86 lSj^* electrolyte 

jUk 4 j12I (j j 0.52 l$ jUal? fpd ^AfiA ^1 non electrolyte 21 UU t_buU Ul SAjidb 

isotonic cs% 

(Jl!La l_a jjA ^JUj 


For example 

Boric acid, has an M.wt 61.8, in theory 61.8g dissolved in 1000 gm water 
produce freezing point - 1.86 Solution will be 1.86 °C below the freezing point of 
pure water. 

61.8 (M.wt) —> 1.86 °C 
X 0.52 °C 

X = 61 ^ 52 = 17.3 gram in 1000 gm water = 1.73% w/v 

1.73 %W/V boric acid should make isotonic solution with lachrymal fluid. 
uj%j M.wt 21 Ac. jl ujk cAjU isjo^ jj22lj 61.8 —} Boric acid 21 M.wt 21 ^^aa* Ua 
jj jUL2l AjLjki ? ^21 ^ isotonic 42k <^21 j^j2l ^1 ^ <—ajAj 1.86 fpd 21 
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B. For electrolyte: 

• With electrolyte, the problem is different. Since osmotic pressure depends on 
the number rather than the kind of particles. 

• Substance that dissociate have a tonic effect that increase with the degree of 
dissociation 

• The grater the dissociation, the smaller the quantity required to produce any 
given osmotic pressure 

• Dissociation factor (i) must be included in the proportion to determine the 
strength of isotonic solution. 


j,jPa osmotic pressure -IIj dissociation -qa Ua <. Electrolyte 21 ^ La 

dissociation 21 Akl jy ^LilLj AjJJJ JjauNI JaijJa]| Lai jjLlI AlJJ Lai jl t —U3LJ o^Lall £-LL j jUII 

diLLaiaJlj jUcVI (ji ji2l cfal»-a jl factor 


Calculation of dissociation factor: 

... r number of particles after dissociation 

disscociation factor = ---— 1 -—-——— -— 

number of particles before dissociation 
(jjLi]l Au diLuj^Jl aac. jjLlI dilL j^Jl aac. L jjLJl (_tal*-a l 


For example 

In a weak solution of sodium chloride 80% is dissociation then each 100 


molecules yield 180 particles, or 1.8 times as many particles as are yielded by 
a non-electrolyte. 

NaCL —► Na + CL 
100 —>80 + 80 


Undissociated = 20 


The amount of sodium chloride (M.wt = 58.5) needed to prepare isotonic solution 
is determined as following: 

1.86 X1.8 58.5 n 

-=-> x = 9.09 am 

0.52 X a 

X = 9.09 g in 1000 ml water or 0.9% w/v sodium chloride produce isotonic solution 
with body fluids 

* 180 * _>?■ 100 j' 80% ULdl ^ jilu E NaCL 21 jl ^JLuidl ^ La 

isotonic J NaCL 21 c_i^.l ijic- j ( jLLLa Jl* 20 + 80 + jj& 80 ) 

.. OjSISII dissociation factor 21 u-j non electrolyte 21 oj£a ^ ^ t 


12 



















BEIN CEUTICS 


SUCCESS TEAM 


If the number of ions is known so: 


Substance 

Dissociation factor 

Non electrolyte 

1 

Substance that dissociate into 2 ions 

1.8 

Substance that dissociate into 3 ions 

2.6 

Substance that dissociate into 4 ions 

3.4 

Substance that dissociate into 5 ions 

4.2 


none electrolyte dl j' electrolyte -1' £^4 j^jd' *jdU* 4%cs^ci 


For electrolyte 

For non-electrolyte 

^ 0.52 xM.wt 

“ 1.86 xi 

v 0.52 XM.wt 

X — 

1.86 


S With a solution of a drug, it is not of course possible to alter the drug concentration in 
this manner, and an adjusting substance must be added to achieve isotonicity. 

S The most widely used isotonicity modifiers are dextrose and sodium chloride. 
Isotonicity adjustment can only be made after the addition of all other ingredients 
because each ingredient will contribute to the overall osmotic pressure of a solution. 

S The amount of adjusting substance which must be added to a formulation to achieve 
isotonicity can be calculated by using the freezing point depression of the drug and the 
adjusting substance. 

isotonic ^ gdVi J Ia Vi til jjlc. j Ay\ j diU c*UjjI£j A na> .a o lg_i3 VLj jj liUjc-L: j] 

jl 

uj^ ^ tonicity dl ^1 adjusting agent dl (> l^baA ^1 4a*£A\ ^jV bills 

ojjJaiA Ls &\ Jjia~all l gau>i lj (Jl dlluXll £-a^.lj additives j' 'j- 1 CjUJ^a (jx 

4,ag ,all Notes d! AkULa Au qua jb C_ajjbiA ?? <_gl jl Abigail A la5\l L_Ajjjaaj i_lL 

Important notes 

Freezing point of blood and tears = - 0.52°C 
Any solution has fpd = - 0.52 °C is isotonic 
Any solution has fpd > - 0.52 °C is hypotonic 
Fpd = - 0.4 is hypotonic 
Fpd = - 0.6 is hypertonic 

Add solute to hypotonic solution to reach fpd of blood (0.52 °C) 

oUla b ^1 

(Jl!La l_^^llxJ 
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Example 

Rx 

Atropine sulfate 2% 

Make isotonic solution with boric acid 
Purified water q.s as 15 ml 

a boric acid 21 ^ hVun U isotonic I gjA l j ^ ALi jjJI l_i jik-a Ul liA 

? <_$! jl l g>«Vi» t b £■ jjjajjA] U>j!>UI boric acid 21 

Steps: 

1. Determine the percent concentration of the drug in solution: 2% 

2. From the table in text books and the freezing point depression of 1% solution of the 
drug solution: 0.07 °C 

3. Calculate the freezing point depression caused by the calculated percentage 
concentration of dmg solution: 

1% 0.07 °C 

2 % —> X 
X = 0.14 

4. Subtract this amount from the desired freezing point depression of body fluid (-0.52 
°C). 

0.52 °C - 0.14 °C = 0.38 °C 

5. Decide on an appropriate solute for adjusting the tonicity of the solution. 

6. Using the table the freezing point depression caused by the 1% concentration of the 
solute (boric acid) in solution: 0.29 °C 

7. Calculate the concentration of tonicity modifier (boric acid) needed to 
give the remaining freezing point depression. 

1% —> 0.29 °C 
X % -> 0.38 29 °C 
X = 1.3 % boric acid 

8. Calculate the weight of solute (boric acid) in gram needed for desired 
volume of solution. 

1.3% X 15 ml = 0.195 gm of boric acid 

Clll '_ i jjSl! 

2% b (JIaaJI 1-iA ^^AJl L_ijlf>.all I j.21 A_^l_^. (JjI 

cw ‘ 0.07 ffkiA 1 % 21 Ax.lL Fpd 21 text book 21 ^ 1^ **-} 

( dlajA .. ^.o’bll Aij^iaJ i 2% 21 fp(j _1| Um~sI t__fi jUI ^ jV %2 1 j2l liA Ul 

0.14 
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adjusting 41 j-a < . ^jjL4l <_ajLic. 0.14 fpd 41 Aiaja Ij4l t-jJa 

Cff UI ^j 0.38 0.52 ^ C 5 ^' ^41 ^ fpd 41 t> Ij4l ^-Uj fpd 41 t agent 


boric acid tjja -cLijjll ^ X-al ja adjusting agent 41 ^ *41 ^ 

freezing point 41 ^Uj t> 1% boric acid 41 ac.Il fpd 41 n>>A IjS 

0.29 £4aS* depression in text book 
■ksj^ 1 % 41 jl dijc. Ulj ? 0.38 fpd 41 boric 41t> la^.1 lj| Jl* ja i_4a 

4' 1.3 <j4kiA.. ALjiaj l g.n>c . ? boric acid 41 ^ jjjj jja.Ua-a 0.38 41 Jin 0.27 

jjlc. U 0.38 j'4L*j 100 fpd 41 jjjL boric 41 cLa jc. b 

?^^1L 15 

0.195 gm aILIa t ^jLuij X k*ja 15 X 41 100 1.3 41 jl JjSa 

4jjj2I aa*£ ^ boric acid 
ajjLj (jL^iLaVI ^ aj j 41bU jJ (jLJac. index 41 ^ Al^ajc. 4j4l <^1 Jj.w\l c_a^bci 

TABLE 11.2 FREEZING POINT DATA FOR 
SELECT AGENTS 


FREEZING POINT 
DEPRESSION. 


AGENT_1% SOLUTIONS (AT}*-) 


Atropine sulfate 

0.07 

Boric acid 

0.29 

Butacaine sulfate 

0.12 

Chloramphenicol 

0.06 

Chlorobutanol 

0.14 

Dextrose 

0.09 

Dibucaine hydrochloride 

0.08 

Ephedrine sulfate 

0.13 

Epinephrine bitartrate 

0.10 

Ethylmorphine hydrochloride 

0.09 

Glycerin 

0.20 

Homatropine hydrobromide 

0.11 

Lidocaine hydrochloride 

0.063 

Lincomycin 

0.09 

Morphine sulfate 

0.08 

Naphazoline hydrochloride 

0.16 

Physostigmine salicylate 

0.09 

Pilocarpine nitrate 

0.14 

Sodium bisulfite 

0.36 

Sodium chloride 

0.58 

Sulfacetamide sodium 

0.14 

Zinc sulfate 

0.09 


sodium 41 <^a j aIjjL JL* -ikU ^freezing point depression ^ aIjjL Jj! U^Lk 1:4 

Chloride equivalent method 
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2. Sodium Chloride Equivalent Method 


• Sodium chloride equivalent method is the most widely used method to adjust 
isotonicity of pharmaceutical solutions. 

• NaCL equivalent (E) is the amount of NaCL that will give an equivalent osmotic 
effect to that of 1 gm of the designate drug, (based on number of particles). 

• Sodium chloride equivalent (E or E NaCL 1 %) for large number of drugs have been 
published and can be obtained from some textbooks. 

• Sodium chloride equivalent method is based on the fact that 0.9% concentration 
of Sodium chloride in water gives an isotonic solution. 

f 1 1 ^ osmotic pressure 21 qJ* jibe. I j^ll j* a*I jl NaCL 21 ^1 j* ^ 

text books ^j A £bj NaCL equivalent -11p&ll jJjj La 

jl t .'-V ^3 Ig-lj (jjjdjJjl 

c jNja t LLj 100 A NaCL -II j* j*. 0.9 Ljs. jl jl ^^Ic. bbluil diL»j | NaCL -IIj 

isotonic b Jjb^ll 

dllII <dj (Jl!La i_j^^lldi 

Example 

Rx 

Atropine Sulfate 2% 

NaCl qs 

Aqua. dist. q.s. ad. 15ml 
M.ft. isotonic solution 

diljlvsll c_ajbj JlsCi NaCL -lb l- uu-sl ^jjle. Sj^ll dili ^^lll Jllall liA 

Steps: 

1. Calculate the number of grams of dmg in the solution. 2% x 15 = 0.3 g 

0.3 (dL^A (JjVI (Jj)N Jl jpa ^glLa 15 eJ_j^ll Ij^ll f^ya dlLal^^ll L_Uaali o jjL'v Jj| 

2. Read from table in the text book the sodium chloride equivalent for the drug. 0.13 

atropine sulfate 21 NaCL equivalent 21 Jja?. jjAi ^ 3 jia> j text book 21 j> 

0.13 <2^ A 

3. Calculate the weight grams of sodium chloride that is equivalent to the weight in 
gram of the drug in this solution. 

lgm—> 0.13 gm of NaCL 
0.3 —> X 
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X = 0.39 gm NaCL 

u^0.13^ atropine sulfate-^' i> fljaJI £lb NaCL equivalent -II u' J i> u' Lijcj La 

£'Ll A j.-iq,a\l -CLjIaJ ^alji. 0.3 -11 'LalLtSl L. ^alj^. (_A° 0.3 La I j.21 'Cl^ (jAic- LI 

NaCL ?\j* 0.39 

4. Calculate the number of grams of sodium chloride needed to make the desired 
volume of drug solution isotonic if no other solute were present. 

0.9x15 = 0.135 g NaCL 

L JVn 0.9 -11 jl Lia LI jLjc.L t J<Lal£bl NaCL -II Ig.ja l_ wmVia <^±1 ^ ojjL-s.ll 

0.135 ?? ^jhn 15-11 < 3 % L 100 ^Lj isotonicity -1' 

5. Subtract the weight in grams of NaCL that is equivalent to the weight in 
gram of the drug from the weight of sodium chloride needed to make the desired 
volume of drug solution isotonic. 

0.135 g - 0.039g = 0.096 g NaCL needed. 

Ij^ll t 5 i*j ^aLoi* Ij^ll ^.anj b 0.039 Ij3l <_£bc. LIj 0.135 'd£ JjL-oll jl Lijc. L^.1 

(—LlAsI jjlx. LI C_ajbl jLic. jAaa-J j -0 ^^.jJaA JLlLj LlAa <bLo o jLjC-L tonicity -11 j-° Lijb LjLn AjoiL 

NaCL -II j* (j\ j! 

6 . Add this amount of sodium chloride to the solution. 

7. If another substance to adjust tonicity, such as boric acid which is often used to 
adjust isotonicity in ophthalmic solutions because of its buffering and anti-infective 
properties. In that case another set of calculation is necessary to convert the amount 
of sodium chloride needed to an equivalent amount of the other solute (boric acid). 
If E for boric acid is 0.50, then the amount of boric acid needed to replace the NaCL 
in step 5 can be calculated: 

1 gm of boric —> 0.5 gm of NaCL 
X gm of boric acid —> 0.096 gm of NaCL 
X = 0.192 gm boric acid 

boric -1L ^Lj ^ I Lilli ja.Vl NaCL equivalent method 3L Jibb A Ijic. jl£ jl i_aL 

boric acid -1' c > ‘-ijL'j <Lx^l <j^jji3l <^111 NaCL3lj* .. acid 

0.5 ^ ts^l boric 21 NaCL equivalent 31 ^ L^L boric 3 NaCL 31 Jj^.1 j JjAaJI j- 

boric acid 3L aj^SII lIL^ ^ILja 
isotonic solution3l «■ j* Ub-« j-aLkj sjxJaU^ll jj£i 

<mil jiL LLaJI SjjJala-dl Complex 31 4-^1 asa^. $. ja. a^La 
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